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Background
The High-Level Waste (HLW) System is a set of six different interconnected facilities. These facilities function as one large treatment plant that receives, stores, and treats wastes from various generators at the Savannah River Site (SRS) and converts them into forms suitable for final disposal. The three major forms are borosilicate glass, which will eventually be disposed of in a federal repository, saltstone, and treated water effluent that is released to the environment.
HLW is a complex mixture of radionuclides, soluble salts, and insoluble sludges. Many of these components are hazardous to human health (e.g. Pu, Cd, Cr, and Hg) or can be serious hazards if not properly managed. All of the wastes are prohibited from continued storage under the Environmental Protection Agency (EPA) regulations. The composition of each of the major effluent streams -glass, saltstone, and decontaminated effluent -is regulated by outside regulatory agencies.
Processing and disposition of these wastes in a safe, cost effective, and environmentally sound manner is critical to accomplishing the HLW system's mission 2 . The 37 million gallons of waste is currently stored in 49 of the HLW system's 51 tanks. Two of the tanks have been isolated, closed, and grouted (Tanks 17 and 20) . Twelve of SRS's 51 waste tanks have a leakage history. Twenty-four of the tanks are considered "non-compliant" tanks and do not meet current requirements for secondary containment and leak detection.
High-Level Waste Treatment
Attachment 1 contains a description of the HLW System. Figure 1 schematically illustrates the flow of routine wastes through the HLW system. The numbered streams identified in italics are the interface streams between the various processes.
Sludge Processing
Upon receipt from the canyons, insoluble sludge settles to the bottom of the tank. This insoluble sludge is re-suspended, washed with water to reduce its soluble salt content and sent to DWPF.
The washed sludge is chemically adjusted in the DWPF to prepare the sludge for feed to the glass melter. The highly radioactive waste fraction from Salt Processing (see below) is added to the sludge. Glass frit is added to the mixture and sent to the glass melter. The glass melter drives off the water and melts the wastes into a borosilicate glass matrix, which is poured into a canister. The canistered glass wasteform is sent to an on-site interim storage, and will eventually be disposed in a Federal Repository.
The DWPF began radioactive operations in 1996 and has processed through January, 2003 about 500,000 gallons of sludge waste, including 5 million total curies (as shown in Table 2 ) and produced 1337 canisters of a projected 5,000 canisters. (The first feed to the DWPF was taken from some of the non-compliant tanks which had a lower curie content per gallon than the waste to be processed later.) Planned Disposition of Material In the HLW System WSRC- RP-2003-00323 4 of 15 levels are only 0.2 to 0.9 percent of the saturation level.
3 This low percentage of saturation indicates that most, if not all, of the cesium is in solution and resides in the interstitial liquid with very little cesium being contained in the salt cake. Thus, removing the interstitial liquid from the saltcake matrix will remove almost all of the cesium. Salt waste is treated by three different methods depending on the radionuclide concentration in the waste. Two of the treatment processes, Low Curie Salt (LCS) and Actinide Removal Process (ARP), begin by draining interstitial liquid from the saltcake to reduce the Cs content of the saltcake. The interstitial liquid is sent back to storage and evaporation. The drained saltcake is then dissolved using water or LLW liquids (potentially DWPF recycle). Any remaining saltcake not treated by LCS or ARP, the concentrated supernate and interstitial liquids removed from the salt cake, will be combined and treated in the Salt Waste Processing Facility (SWPF) to be built in the future.
In LCS, dissolved saltcake is sent to Tank 50 for interim storage until it is sampled, verified to meet the Saltstone waste acceptance requirements and fed to Saltstone.
In ARP, dissolved saltcake low in Cs content is processed through the 512-S facility to remove actinides and strontium which are subsequently concentrated. The process produces decontaminated salt solution and a concentrated MST/sludge stream, containing most of the actinides which is washed with water to remove soluble salts and sent to DWPF for Vitrification. The decontaminated salt solution from this process is sampled and sent to Tank 50 for interim storage until it is transferred to Saltstone.
The remaining salt waste will be treated in the SWPF for the removal of Sr and Actinides by Monosodium Titanate, and treated to remove Cesium by caustic side solvent extraction (CSSX). The washed Sr and actinide sludge slurry is sent to the DWPF for Vitrification. The Cs product stream from CSSX is also sent to the DWPF where it is combined with washed sludge and vitrified. The decontaminated salt solution from this process is sent to either Tank 50 or directly to the Saltstone Facility for disposal.
Current Waste Characteristics
Since the early 1950's SRS has received over 100 million gallons of waste into the HLW system. This waste was neutralized, insoluble sludge settled, and supernate was evaporated to form saltcake such that as of January 2003 only 37 million gallons of waste is stored in F and H tank farm. This waste inventory is shown in Table 1 . The radionuclide inventory of the high level waste system is shown in Table 2 along with the radionuclide inventory of glass canisters produced to date. 
Final Waste Forms
The vast majority of the radioactivity in SRS's HLW system will be incorporated into borosilicate glass to be disposed in a geologic repository. A much smaller amount (appropriate for management and disposal as LLW) will be disposed in Saltstone, a near surface landfill on the Savannah River Site (SRS). Some residual radioactivity will remain in each Tank Farm and DWPF when these facilities are closed.
The Defense Waste Processing Facility (DWPF) is currently being operated to convert the insoluble sludge portion of HLW into a borosilicate glass. This glass is poured into stainless steel canisters, sealed and stored temporarily at SRS until shipments can begin to a permanent geologic repository. Borosilicate glass has been established as the Best Available Technology (BAT) for the disposal of HLW.
It has been estimated that to incorporate all wastes in the HLW system into borosilicate glass would require the production of 120,000 DWPF canisters, require the production capacity of at least five equivalent DWPFs 4 and take 50 to 100 years to process the waste. Since the highest risk to the environs of SRS is continued HLW storage this approach has been judged unacceptable. Likewise it is not possible to treat HLW and remove 100% of the radioactivity. Therefore, a balance must be struck between the amount of radioactivity disposed in the Saltstone Disposal Facility and the cost and time required to incorporate more radioactivity into the borosilicate glass.
Paramount in striking this balance is the impact on the public and SRS worker. The Saltstone Production and Disposal Facilities are engineered to the latest safety and environmental standards. Saltstone is a solid waste form that is the product of chemical reactions between a salt solution and a blend of cementitious materials (slag, flyash and cement). Several wastewater contaminants are converted into insoluble species or incorporated into the cement matrix. The final waste form is resistant to leaching of contaminants present in the porous matrix and is classified as a non-hazardous solid waste as defined by the United States Environmental Protection Agency (USEPA) protocol 5 . In addition to the wasteform characteristics, the saltstone is cured inside concrete vaults. The vaults, which contain either 6 or 12 cells of dimensions 100 ft by 100 ft by 25 ft high, are constructed of reinforced concrete walls 18 inches thick to provide both a form for the saltstone solidification and provide shielding for the area workers. The vault roof and closure features minimize the amount of water infiltration, and therefore provides protection for the groundwater.
Planned Disposal
The planned disposal for HLW is as follows:
• Insoluble sludge is converted to borosilicate glass, • Salt waste is split into the three disposition categories -LCS, ARP and SWPFdepending on the initial radioactivity content. The initial radioactive content and initial disposition of each tank has been documented in reference 6.
Since much of the salt waste is in a crystallized saltcake form, and it must be dissolved to be retrieved, the 34 million gallons of salt waste volume expands to approximately 84 million gallons at the time of retrieval. After processing by LCS, ARP and SWPF this volume is over 100 million gallons and due to the dry materials added at saltstone the volume is over 185 million gallons at disposal. Table 3 contains the forecast amount of salt waste for each program segment, including the amount of saltcake and concentrated supernate processed, the equivalent amount of feed to each process at the time of retrieval (at 6.44 M Na concentration), the equivalent amount of solution processed at saltstone, and the amount of saltstone disposed. Table 4 contains the forecast amount of radioactivity for glass and saltstone at the completion of HLW disposition (FY20) as well as the forecast amount remaining in the tank farm and DWPF at the time of closure. Radioactive decay been excluded for clarity. The distribution of the Saltstone actinide radioactivity at disposal is provided in Table 5 . The majority (over 80%) of the radioactivity is present as isotopes with half lives of less than 100 years. The programmatic source of the radioactivity disposed in Saltstone is shown in Table 6 . Radioactive decay has been excluded for clarity. The Department of Energy (DOE) has designated the SRS as a long term asset stating that "SRS boundaries shall remain unchanged and the land shall remain under the ownership of the federal government" in the SRS Long Range Comprehensive Plan, 8 signifying their intent to maintain control of the SRS in perpetuity. As such, access to the SDF will be restricted and the facility will remain under active management during the time of radioactive decay. Table 7 reflects the radioactivity following 300 years (from today) of decay. The WIR process required by DOE Order 435.1 has been compared to the process endorsed by the NRC (see Attachment 3). The processes of the two agencies are similar. The WIR process requires three attributes to be successfully documented:
• The waste must be processed to remove key radionuclides to the maximum extent technically and economically practical Objectives outlined by the NRC in 10 CFR 61 • The waste must be incorporated into a solid physical form that does not exceed NRC Class C concentration limits. The Low Curie Salt Alternative has been subjected to the WIR process 9 and DOE 10 has approved the determination that the waste is appropriate for management as LLW and for disposal in the SDF. A WIR evaluation for the ARP is being prepared.
Criterion 1 -Technically and Economically Practical
The Salt Waste Processing Facility (SWPF) will be designed to remove Strontium, Plutonium, Neptunium, limited Uranium, and the vast majority of the Cesium from salt waste. The overall extent of removal is estimated (based on laboratory scale testing) as 99.9988% of the radioactivity. While the planned disposition based on all three salt waste treatment technologies will remove 95.1 % of the radioactivity, a difference of 4.8%. As shown in Tables 5 and 6 over 96% of the radioactivity disposed in Saltstone has a half-life of 30 years or less.
The cost of processing a gallon of saltcake through the proposed SWPF is estimated at $104.06 while the cost of Low Curie Salt Processing is estimated at $17.48, a difference of $86.58 per gallon. In other words to remove the remaining 4.8% of the radioactivity would require 6 times the investment of funds and would delay the risk due to the delay resulting from the construction of the full scale Salt Waste Processing Facility.
Criterion 2-Performance Objectives
The Saltstone Disposal Facility is a modern disposal facility designed to protect the environment, the public and the worker. DOE Order 435.1 specifies the following Performance Objectives for the SDF:
• Dose to the public shall not exceed 25mrem/yr total EDE from all pathways • Dose to the public via the air pathway shall not exceed 10 mrem/yr total EDE • Release of Radon shall be less than an average flux of 20pCi/m 2 /sec at the surface of the disposal facility • Dose to hypothetical persons assumed to intrude on the SDF shall not exceed 100 mrem/yr for chronic exposures or 500 mrem/yr for acute exposures In addition, since the SRS is a closure site under CERLA, DOE has established a more restrictive performance objective to protect groundwater,
• Concentrations of radioactive contaminants in the groundwater shall not exceed drinking waster standards specified in 10CFR 141, generally 4 mrem/yr EDE These Performance Objectives are essentially identical to the Performance Objectives required by the NRC 11 (see also Attachment 2) as specified in 10CFR61. Compliance with these standards is documented in reference 12 , which documents the maximum inventory (Ci/vault) for each radionuclide of interest. Table  8A and B compare the limits for groundwater protection and hypothetical intruder to the planned disposal. Tables 8A and 8B clearly indicate the planned waste disposition meets the performance objective for disposal in the SDF.
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Criterion 3-NRC Class C
The Saltstone product is a solid and as shown in Table 9 the concentration of radionuclides in the solid waste is less than the NRC Class C limits.
A similar WIR evaluation for the decontaminated salt solution produced by the ARP is currently under development and is expected to show that material treated by the ARP can be managed as LLW similar to the LCS material. 
Facility Worker Safety
The two most important parameters in Safety analysis are the dose received during accident conditions and during routine operation of the facility. An Auditable Safety Analysis (ASA) is documented in reference 13 to demonstrate the safe operation to the facility worker.
The ASA documents a "worst case" accident dose to the facility worker is a maximum 10 mrem EDE. This maximum dose puts the facility in a "Radiological Facility" category, the lowest category recognized by the DOE.
The routine facility radiation fields are the highest in the Saltstone Production Facility (SPF) process room. This room is "controlled access", entry is only allowed after processing has completed, piping and equipment has been flushed and radiation surveys indicate it is safe to enter. The control room has a radiation field that is acceptable for continuously occupied spaces of less than 0.5mR/hr. Radiation fields in the SDF during production are estimated as 10mR/hr along the side of the vault and 100mR/hr along the top of the vault. Both of these areas are "controlled access". Entry into these areas is required only for maintenance activities.
At closure of the SDF when the backfill, clay cap and overburden have been installed around the vaults the radiation levels decrease to approximately 300,000 times less than background radiation. 
Comparison to Barnwell and the Current SRS LLW Disposal Sites
The planned disposition at Saltstone can be compared to the commercial LLW disposal sites at Barnwell as well as another DOE LLW disposal site on the SRS. It should be noted that Barnwell began operations in 1972 and that data prior to 1986 is not available via the internet. It is estimated that 3,000,000 curies was disposed at Barnwell between 1972 and 1986 bringing the total to 10 million curies or about half the planned Saltstone disposal. Since over 96% of the planned disposal at Saltstone has a half-life of 30 years or less an isotopic comparison to the other disposal facilitates is not judged to be necessary. Table 11 compares the planed Saltstone disposal to the SRS E-Area Disposal Facility. The E-Area Vault planned (life cycle) disposal is taken from reference 15 except for the contribution for the Melt and Dilute Process which has been cancelled. The Melt and Dilute Process for the disposition of excess plutonium included off gas scrubbers which adsorbed Cs-137 and would have been disposed at the E-Area vaults. The amount of Cs-137 to be disposed was estimated at 20 million curies.
Comparison to Other Baselines
Waste Disposition at the SRS has evolved over time. Most recently emphasis has been to ship waste from the SRS to the national repositories -the Waste Isolation Pilot Plant (WIPP) for transuranic waste and the geologic repository for HLW at Yucca Mountain -sooner. The disposition of salt waste has been modified (as discussed extensively above) to treat the waste in advance of the construction and start-up of the SWPF. This action results in more curies being disposed in Saltstone. While at the same time, the plan for disposition of excess radioactive materials (e.g. plutonium) has changed resulting in a deceased curies being disposed in the E-Area Vaults of the SRS. The decrease in E-Area vault disposal is about 50% of the increase in the Saltstone. Figure 1 shows the DOE Environmental Management (EM) curies remaining at SRS for the baseline and current planned disposition (labeled "Accelerated Clean-up") alternatives. Figure 2 shows the EM curies remaining at SRS which originate in the HLW system. This figure shows the increase in the curies disposed in Saltstone (about 8 million curies in CY 2040). Figure 2 also shows that these curies decrease rapidly. The curies disposed in saltstone are predominately Cs-137, a radionuclide with a half-life of only 30 years. By CY 2100 less than 1% of the existing curies remain at SRS.
Figure 1 Radioactivity Remaining at SRS Originating from All Environmental Management Activities
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Figure 2 Radioactivity Remaining at SRS Originating in the HLW System
Disposal of HLW also includes the residual activity left in the F and H Tank Farms and in the DWPF upon closure of these facilities. Table 12 summarizes the prior baseline including closure activities while Table  13 summarizes the planned baseline including closure activities without radioactive decay being taken into consideration. It would indicate that up to 30 times as much radioactivity would be left at SRS. However, when radioactive decay is taken into consideration for 300 years, as shown in Tables 14 and 15 , only 2.6 times as much radioactivity remains on SRS. Alternative Salt Waste Disposition
In the Salt Processing Alternatives Final Supplemental Environmental Impact Statement 16 DOE compared four cesium and actinide removal alternatives to a "No Action" alternative. In the No Action alternative, all of the salt waste containing 120 million curies Cs-137 (230 million curies of Cs/Ba-137) including 500 curies of long half-life radionuclides (Tc-99 and Pu-239) was released to the surface waters of the at SRS assuming no loss of contaminants during overland flow. The long term impacts were summarized for various scenarios in Table S-7 of the SEIS, and in Table 16 below. The positive impact of waste disposal as Saltstone is clearly evident by comparison of the No Action Alternative to the current disposition plan The SEIS concluded "The presence of 120 million curies in the vaults from the direct Disposal in Grout alternative would be evident in the long term impacts, but the impacts of all the alternatives would be described as small."
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Conclusions
The current SRS plan for disposing of waste in the HLW system maximizes risk reduction by reducing the greatest risk of continued storage of liquid waste as soon as possible. The plan strikes an appropriate balance between cost and schedule, while providing for protection of the health and safety of the public and environment by directing most of the radioactivity to the borosilicate glass, and ultimately a geologic repository. . A maximum of 20 million curies, primarily the short lived Cs-137 will be disposed in the Saltstone Disposal Facility. This represents less than 5% of the current 417 million curie HLW inventory. The SDF is an engineered disposal facility which provides for low water infiltration, low contaminant leaching, and shielding for the SRS worker. The disposal meets all environmental regulations and standards.
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High-Level Waste Treatment
Figure 1 schematically illustrates the flow of routine wastes through the HLW system. The numbered streams identified in italics are the interface streams between the various processes.
F and H Tank Farms
Fresh Canyon wastes (Interface Stream 1) are received into HLW Storage and Evaporation which separates into an insoluble sludge and aqueous supernate. The purpose of the Storage and Evaporation process is to safely manage these wastes until downstream processes are available for further processing. The supernate is evaporated to a solid saltcake to reduce the volume and mobility of the waste. The decontaminated overheads from the evaporators are Low Level Waste and sent to the ETF (Interface Stream 2).
The insoluble sludge that settles to the bottom of waste receipt tanks in Storage and Evaporation is resuspended, washed with water to reduce its soluble salt content and sent to DWPF (Interface Stream 6). Wash water from this process is sent back to Storage and Evaporation.
Salt Processing
Saltcake may be considered to be composed of four parts: salt crystals, liquid solution, gas, and insoluble solids. When salt crystals form and accumulate in a waste tank, the interstitial space between the crystals will hold supernate and potentially gas. Gas can consist of trapped air, water vapor, and radiolytically produced gases. Insoluble solids may consist of entrained high-level waste sludge solids or, potentially, insoluble materials that form during concentration in the evaporator.
Cesium solubility was estimated for SRS waste where a saturated solution would contain 10,738 Ci/gallon. 17 Comparison with the actual radiation values for SRS salt solutions indicates the Cs levels are only 0.2 to 0.9 percent of the saturation level 14 . This indicates that most, if not all, of the cesium is in solution and resides in the interstitial liquids of the salt cake. Thus, removing the interstitial liquid from the saltcake will remove almost all of the cesium. Salt waste is treated by three different methods depending on the radionuclide concentration in the waste. Two of the treatment processes, Low Curie Salt (LCS) and Actinide Removal Process (ARP), begin by draining interstitial liquid (Interface Stream 13) from the Saltcake to reduce the Cs content to acceptable levels. The interstitial liquid is sent back to Storage and Evaporation. The drained saltcake is then dissolved using water or LLW liquids (potentially DWPF recycle). Any remaining Saltcake not treated by LCS or ARP along with concentrated supernate will be combined (Interface Stream 5) and treated in the Salt Waste Processing Facility (SWPF) to be built in the future.
In LCS, dissolved saltcake meeting the Saltstone requirements is sent to Tank 50 (Interface Stream 3), for analysis and interim storage until it is sampled and fed to Saltstone (Interface Stream 11).
In ARP dissolved saltcake low in Cs content (Interface Stream 4) is processed to remove actinides and strontium, which are concentrated. The process produces a concentrated MST/sludge stream, containing most of the actinides which is washed with water to remove soluble salts and sent to DWPF for Vitrification. The decontaminated salt solution from this process is sent to Tank 50 (Interface Stream 8), for analysis and interim storage until it is sampled and fed to Saltstone (Interface Stream 11).
Dissolved saltcake not treated by LCS or ARP and concentrated supernate are combined (Interface Stream 5) and treated in the SWPF for the removal of Sr and Actinides by Monosodium Titanate, and treated to remove Cesium by solvent extraction. The washed Sr and actinide sludge slurry is sent to the DWPF for Vitrification. The Cs product stream from CSSX (Interface Stream 10) is also sent to the DWPF where it is combined with washed sludge and vitrified. The decontaminated salt solution from this process is sent to either Tank 50 or directly to the Saltstone Facility for disposal. Process.
